Abstract: Using ITS nrDNA sequence data, the Caloplaca cerina group (Teloschistaceae) is defined here as a monophyletic, but internally richly branched lineage. The group is also characterized by a combination of morphological and anatomical characters. Its internal lineages are supported by phenotypic characters in addition to ecology and distribution. Within the large C. cerina group, we have found at least 20 phylospecies in the temperate zone of the Northern Hemisphere. Two species complexes do not produce any vegetative diaspores: the polyphyletic, corticolous Caloplaca cerina s. lat. (six separated cryptic or semi-cryptic species) and the monophyletic C. stillicidiorum s. lat. that grows mainly on plant debris, small shrubs and bryophytes and consists of at least four internal lineages. All lineages producing vegetative diaspores (soredia, blastidia, isidia or lobules) are phenotypically characteristic and represent fairly easily distinguishable species: C. chlorina, C. isidiigera, C. monacensis, C. subalpina, C. thracopontica, C. turkuensis and C. ulmorum. Only the North American sorediate C. pinicola possibly represents an aggregate of species. Caloplaca sterilis is described as a new species. A key to the phenotypically distinguishable species is provided. Lectotypes are designated for C. albolutea, Caloplaca cerina f. coronulata and for C. monacensis. The Australian C. hanneshertelii belongs to this group, but this and other possible species from the Southern Hemisphere are not treated here in detail. Some species traditionally placed in the C. cerina group due to their similar morphology are excluded here on the basis of our phenotype examinations and molecular data. Caloplaca albolutea, C. mydalaea and C. virescens are uncertain taxa and their identities still remain unclear.
Introduction
The Caloplaca cerina group is treated here as a monophyletic group of species around C. cerina (Hedw.) Th. Fr. It is morphologically characterized by a crustose thallus, which is dark grey to white, devoid of anthraquinones but containing the grey pigment Sedifoliagrey (K+ violet in section). The apothecia can be classified as lecanorine with yellow to orange discs containing non-chlorinated anthraquinones, even though there is a strongly reduced true exciple containing anthraquinones in all species. The thalline exciple is distinct, persistent and in shades of grey, devoid of anthraquinones and with a conspicuous cortex in the lower part. The ascospores are c. 10-16 m long, c. 6-9 m wide and have a septum c. 4-7 m thick; the conidia are bacilliform, 3-4 m long and c. 1 m wide.
The large morphological variation within the group (e.g. in type of vegetative diaspores, disc colour, presence of pruina, size of apothecia) has resulted in many specific and infraspecific names described from all over the world (Table 1) . Caloplaca cerina itself is an important species to understand as it is the type for the genus Caloplaca.
The group name has usually been applied in a broader morphological sense (Clauzade & Roux 1985; Hansen et al. 1987; Wetmore 1996 Wetmore , 1997 Wetmore , 2004 Wetmore , 2007a ), but our unpublished molecular data and phenotype evaluation show that some species commonly placed in this group belong elsewhere (Table 1) and they are not treated in detail here. The first data about the phylogeny of the group was published by Vondrák et al. (2008) , who described two new species, C. subalpina Vondrák, Šoun & Palice and C. thracopontica Vondrák & Šoun. The present study deals with the phylogeny of the entire group in Europe and also, to some extent, North America and western parts of Asia.
Material and Methods
Our study is mainly based on material from the temperate zone of Europe, North America and Asia. Samples from ASU, B, BM, C, CBFS, GZU, H, KHER, LD, MIN, PRM, TUR, UPS and the private herbaria of P. van den Boom, J. Malíček, Z. Palice, T. Spribille and the first author have been used. Morphological data were taken only from sequenced specimens listed in Table 2 . The specimens were examined with light microscopy. Anatomical features were measured on hand-cut sections or squash preparations mounted in water. Morphological characters were measured on dry material using a dissecting microscope (×45). Measurements are recorded as (min.-) x ± SD (-max.) , where x = mean value, SD = standard deviation and min./max. = extremes. The total number of measurements (n) is given in brackets. Only the ascospores with welldeveloped septa (loculi connected by a thin and distinct cytoplasmatic channel) were measured.
Molecular markers, DNA extraction, PCR amplification and sequencing
Initially, we tried to use two loci, mtSSU and nrITS, for molecular analysis. However, the former proved to be too conserved for our study, thus we continued only with the ITS gene, which has suitable variability. Direct PCR was used for PCR-amplification of the ITS regions including the 5.8S gene of the nuclear rDNA following Arup (2006) . Primers for amplification were ITS1F (Gardes & Bruns 1993) and ITS4 (White et al. 1990 ). PCR cycling parameters followed Ekman (2001) . Products were cleaned using JETquick PCR purification Spin Kit (Genomed). Both complementary strands were sequenced either by Macrogen Inc., Korea or by the Laboratory of Genomics, Biology Centre of the Academy of Sciences of the Czech Republic. 
Sequence alignment and phylogenetic analyses
One hundred and twenty two newly obtained ITS sequences were included in the phylogenetic analysis along with seventeen sequences of the Caloplaca cerina group available from GenBank ( Table 2) . Sequences of Caloplaca aurantia (AY233219) and C. flavescens (EU639601) from GenBank were selected as an outgroup. Sequences were aligned using MAFFT 6 (on-line version in the Q-INS-i mode; see Katoh et al. 2002) and manually cut to eliminate the unalignable ends, the intron and ambiguously aligned regions of ITS1 and ITS2. The final alignment included 596 positions. Bayesian phylogenetic analysis was carried out using the programme MrBayes 3.1.1 (Ronquist & Huelsenbeck 2003) . The General Time Reversible substitution model (Rodriguez et al. 1990 ) with estimation of invariant sites and assuming a gamma distribution with four categories (GTR+I+G) was used for likelihood calculations. The optimal nucleotide substitution model was found with the program MrModeltest v2.3 (Nylander 2004 ) using the Akaike Information Criterion and the hierarchical likelihood ratio test (Posada & Crandall 1998) . The MCMC analysis was run for ten million generations, performed in two runs, each with four chains starting from a random tree and using the default temperature of 0·2. Every 100th tree was sampled, and the first 30% of the trees were discarded as burn-in. 
Chemistry
Lichen substances in the apothecia were extracted in 150 l of acetone at room temperature. The extract was subjected to high-performance liquid chromatographic analysis (HPLC). Reverse phase column (C18, 5 m, Lichrocart 250-4) was eluted with MeOH/30%MeOH+ 1%H 3 PO 4 for 77 min and the absorbance at 270 nm was recorded (for details see Søchting 1997) . The compounds were determined on the basis of their retention times and absorption spectra. Acetone insoluble pigments were examined according to Meyer & Printzen (2000) .
Results

Phylogeny
The final alignment of 596 nucleotides had 134 variable positions. The following species had an insertion 218 bases long in the 18S region: C. stillicidiorum (only ecotype 2), C. pinicola, C. aff. pinicola, C. monacensis (except van den Boom 38821 and CBFS JV3236), C. ulmorum, C. thracopontica, C. aff. thracopontica, C. sterilis, C. hanneshertelii and C. sp. (Frödén 1246, LD) . The insertion was not included in the analysis.
The phylogenetic tree, based on the Bayesian inference analysis is presented in Fig. 1 along with the posterior probabilities for the nodes. The species C. isidiigera, C. sterilis, C. subalpina, C. turkuensis and C. ulmorum form well-supported clades (PP > 0·95) in the cladogram. The species C. chlorina, C. monacensis and C. thracopontica are not so well supported. Caloplaca cerina s. lat. is a polyphyletic taxon with six lineages, possibly cryptic or semi-cryptic species. Caloplaca stillicidiorum s. lat. is a monophyletic taxon (PP = 0·92) forming the crown group of the tree. This clade is internally diverged into three major lineages (ecotype 1, ecotype 2, ecotype 3-4, ecotype 5-6), possibly representing several semicryptic species. The only available sequence of C. pinicola has a sister relationship to three similar sequences of North American sorediate C. cerina-like specimens which probably represent an unknown species (see the note under C. pinicola). The only sequence of C. aff. thracopontica from the Mediterranean region is close to the C. thracopontica clade but possibly not conspecific with it. One available sequence of the Australian C. hanneshertelii and one sequence of an undescribed species from Tasmania confirmed their affinities to the C. cerina group.
Chemistry
The anthraquinone content of all species analyzed from the C. cerina group is uniform ( Table 3 ) and corresponds with chemosyndrome A (Søchting 1997) . Sedifolia-grey, a pigment insoluble in acetone, is present in the cortex of the thallus, the thalline margin and in the vegetative diaspores, except the soredia of C. sterilis, of all studied species from the group (C+, K+, N+ pinkish violet/ violet/sordid violet in section).
Key to fertile species known to belong to the Caloplaca cerina group. Sterile specimens can be confused with various species outside the group or even outside the genus Caloplaca This is a polyphyletic taxon split into six different clades scattered within the cladogram, comprising corticolous specimens lacking vegetative diaspores. Three of the clades, D1, D2 and D3, are very closely related and seem to have similar distribution and ecology; they are here treated together (group D). We keep all the lineages unnamed, without nomenclatural status, because we failed to find sufficient morphological characters to separate them. Brief summaries of the characteristics of each of the molecularly based groups are presented here:
A: on bark of Cupressus, Olea, Pistacia, and Platanus in the Mediterranean region (Greece, Spain, Turkey). Thallus as in clade B but tends to be darker; apothecia yellow to orange-yellow, strongly pruinose on disc and inner part of margin, to 1·1 mm diam.; ascospores (12-) 13·8 ± 1·1 (-16) × (5-) 6·4 ± 0·7 (-8) m; septum (5-) 5·9 ± 0·7 (-7) m wide (n = 60).
B: on bark of deciduous trees in northern Iran. Thallus crustose, thick, pale grey to beige, sometimes whitish; apothecia orangeyellow to deep orange, disc sometimes slightly pruinose when young, to 0·9 mm in diam.; ascospores (14-) 14·8 ± 0·8 (-17) × (7-) 8·3 ± 1·1 (-11) m; septum (4-) 5 ± 0·5 (-6) m wide (n = 20).
C: on bark of Salix in Scandinavia (Norway, Sweden) and on Fraxinus in Hyrcanian forest in Iran. Thallus and apothecia similar to the type D but smaller; apothecia orange-yellow, not pruinose, to 0·8 mm diam.; ascospores (10-) 12·6 ± 2 (-17) × (5-) 6·8 ± 1 (-9) m; septum (3-) 4·1 ± 1 (-6) m wide (n = 30).
D1, D2 and D3: on bark of Acer, Juglans, Populus, Prunus, Sambucus throughout Europe (Austria, Czech Republic, Finland, Greece, Norway, Slovakia, Spain). Thallus crustose, pale to dark grey, sometimes warted, thick or thin; apothecia orangeyellow to orange, rarely pruinose, to 1·6 mm diam.; ascospores (11-) 14·6 ± 1·7 (-20) × (6-) 7·9 ± 0·9 (-10) m; septum (5-) 6·7 ± 1·2 (-10) m wide (n = 90).
The holotype of C. cerina (Hedw.) Th. Fr. is the illustration in Hedwig (1788: 62, tab. 21, f. B). Wetmore (2007a) designated an epitype (MIN!) and several isoepitypes (ASU, COLO, MIN, US) using the exsiccate Lichenotheca Fenn. 116 (Finland, Ostrobottnia Borealis: Simo, insula Kumurainen, leg. Räsänen). The type illustration is difficult to assign to any of the clades described above. The epitype probably belongs to clade C because of its relatively small apothecia (to 1 mm diam.) and small spores (11-13 × 7-8 m, septum 5-5·6 m). However, a placement in the other Scandinavian clades, D1 or D3, is also possible. Thallus areolate, up to several cm wide, non-pruinose, up to 0·27 (-0·53) mm thick, always sorediate/blastidiate; sometimes also with tiny isidiate outgrowths especially at margins of older areoles; areoles flat to convex, up to 1·2 mm wide; colour variable, sordid white, pale grey, brownish grey, dark grey to almost black, usually with bluish tinge; soralia and blastidia pale to dark grey, with bluish tinge, rarely greenish grey, arising from margins of areoles, sometimes spreading over the whole areole; soredia/blastidia (15-) 33 ± 7 (-53) m diam. (n = 100); soredia sometimes forming consoredia; prothallus sometimes present, thin and black; cortex up to 10 (-30) m thick, paraplectenchymatous.
Apothecia lecanorine, abundant to absent, up to 1·5 mm diam., sessile, non-pruinose; disc flat to slightly convex, pale to dark orange; true exciple indistinct, very thin, up to 15 m thick, prosoplectenchymatous; thalline exciple of thallus colour, raised above disc when young, somewhat reduced in old apothecia, 60-90 m thick; epihymenium orange, with inspersed granules; hymenium 50-85 m thick, hyaline; hypothecium (55-) 80-110 m thick, hyaline; paraphyses simple to branched, 2 m broad with upper cells wider, 3-5 m thick; asci 8-spored, 35-59 × 10-18 m (n = 50); ascospores polarilocular, ellipsoid, (10·0-) 12·4 ± 0·9 (-15·0) × (5·0-) 6·6 ± 0·6 (-8·0) m; septum (4·0-) 4·7 ± 0·5 (-6·0) m wide (n = 100); ratio of septum width/spore length (0·3-) 0·4 ± 0·04 (-0·5).
Pycnidia rare to scattered, immersed, distinct by elevated darker ostiole; conidia bacilliform, 3-4 × 1 m.
Habitat and distribution. This species grows from lowlands to mountains on basic or nutrient enriched siliceous (e.g. gneiss, slate, granite) and limestone rocks both in natural and anthropogenic habitats, especially on old stone walls, pebbles in railroads, bricks, roofing-tiles and mortar. It is occasionally found on bark of broad-leaved trees (e.g. Acer, Fraxinus, Juglans, Ulmus) on trunk bases. It seems to prefer humid or shaded sites and substrata near the ground. Probably it is quite frequent throughout Europe but often overlooked or confused with similar taxa. There are confirmed records from Austria, Belgium, Bulgaria, Czech Republic, Denmark, Germany, Ireland, Netherlands, Norway, Portugal, Romania, Russia, Slovakia, Sweden, Ukraine and the United Kingdom. The world distribution (see Fletcher & Laundon 2009 ) needs revision but three records from North America are confirmed.
Remarks. The name C. chlorina has often been used in a broad sense for saxicolous and corticolous specimens of the C. cerina group with any vegetative diaspores. Wetmore (1997) selected a neotype for C. chlorina and stated that the isidiate C. isidiigera is a synonym. However, according to our results, C. chlorina s. str. is always characterized by the presence of soredia/blastidia. Only some morphotypes of C. chlorina, usually overgrown or grazing affected thalli, possessing various isidia-like secondary outgrowths and consoredia, can resemble C. isidiigera. Sterile specimens can be confused with some unrelated species, for example C. soralifera Vondrák & Hrouzek. This Australian corticolous species is characterized by crater-like soralia with darkbluish soredia erupting from pustule-like outgrowths at whitish grey areoles. Apothecia are small, 0·2-0·5 mm diam. Caloplaca ahtii Søchting, C. obscurella (J. Lahm) Th. Fr. and C. ulcerosa Coppins & P. James have similar type of soralia but their apothecia differ. For detailed description of this species see Kärnefelt & Kondratyuk (2004) . ( Fig. 2B) Thallus areolate, up to several cm wide, non-pruinose, up to 0·4 (-0·8) mm thick, isidiate; areoles convex when very young, later flat, up to 2·1 mm wide; colour varies from sordid pale grey, dark grey to black, usually with bluish tinge; lower part of very thick areoles often stained purple-black (in section); isidia initially arising mainly from margins of areoles, but soon covering whole surface of areoles, globose to shortly elongated or flattened, concolorous with the areoles; (25-) 66 ± 20 (-140) m diam. (n = 82); prothallus usually present, thin and black; cortex up to 20 m thick, paraplectenchymatous.
Caloplaca isidiigera Vězda
Apothecia lecanorine, abundant to absent, up to 1·3 mm diam., sessile, non-pruinose; disc flat to slightly convex, pale to dark orange; true exciple indistinct, very thin, up to 10 m thick, prosoplectenchymatous; thalline exciple of thallus colour, raised above disc when young, somewhat reduced in old apothecia, sometimes crenulate to isidiate, 65-110 m thick; epihymenium orange, with inspersed granules; hymenium 55-85 m thick, hyaline; hypothecium 60-110 m thick, hyaline; paraphyses simple to branched, 2 m broad with upper cells wider, 3-5 m thick; asci 8-spored, 38-55 × 9-15 m (n = 24); ascospores polarilocular, ellipsoid, (10·0-) 12·4 ± 1·4 (-15·0) × (5·0-) 6·5 ± 0·9 (-8·0) m; septum (3·0-) 4·6 ± 0·7 (-6·0) m wide (n = 48); ratio of septum width/spore length (0·3-) 0·4 ± 0·05 (-0·5).
Pycnidia rarely seen, immersed; conidia bacilliform, 3 × 1 m.
Habitat and distribution. The species seems to grow only in subalpine and alpine habitats on natural limestone, dolomite or calciferous slate and base-rich sandstone rocks. Confirmed records are from the Alps (Austria, Germany, Italy and Switzerland), Carpathians (Slovakia, Ukraine) and Scandinavia (Sweden). One record is confirmed from North America.
Remarks. This species is characterized by the presence of isidia and the type specimens are clearly isidiate. However, Wetmore (1996) 
(Figs 2C & D)
Thallus predominantly to entirely granular, scarcely with distinct areoles, especially around apothecia, scattered to continuous, thin to thick, non-pruinose, (sordid) pale to dark grey; granules (53-) 96 ± 27 (-163) m diam. (n = 99). Sometimes very minutely tomentose with inconspicuous hairs 4-10 × 2-3 m formed by projecting hyphae (visible in section), particulary on granules; prothallus not seen.
Apothecia lecanorine, abundant to rare, up to 1·2 mm diam., sessile, distinct, sometimes pruinose; disc flat to slightly convex, yelloworange to orange, sometimes pruinose, especially when young; true exciple indistinct, very thin, up to 20 m thick, prosoplectenchymatous; thalline exciple of thallus colour and often whitish pruinose, raised above the disc when young, somewhat reduced in old apothecia, 55-110 m thick; epihymenium orange, with inspersed granules; hymenium (65-) 85-102 m thick, hyaline; hypothecium (45-) 75-90 m thick, hyaline; paraphyses simple to branched, 2 m broad with upper cells wider, 4-6 m diam.; asci 8-spored, 40-67 × 10-22 m (n = 48); ascospores polarilocular, ellipsoid, (11·0-) 13·4 ± 1·3 (-16.0) × (5·0-) 6·5 ± 0·7 (-8·0) m, septum (3·0-) 4·9 ± 0·7 (-7·0) m wide (n = 100), ratio of septum width/spore length (0·2-) 0·4 ± 0·05 (-0·5).
Pycnidia rare to scattered, immersed, made distinct by elevated darker ostiole; conidia bacilliform, 3-4 × 1 m.
Habitat and distribution. This species grows on bark of wayside trees, solitary trees in pastures and in other types of agricultural landscapes and in open deciduous or mixed forests. It has been recorded on a variety of broad-leaved trees such as Acer, Fagus, Fraxinus, Juglans, Ostrya, Pistacia, Populus, Pyrus, Quercus, Salix, Tilia, Ulmus, but it is also rarely found on bark of shrubs and rotten wooden fences. Once it was found growing on shaded cherty limestone in Bükk Mts, Hungary (Vondrák et al. 2009b ). Probably it is widely distributed from the lowlands to medium altitudes in the mountains throughout temperate and Mediterranean Europe and western Asia, but its collection has been mistaken for C. cerina. We have confirmed it from Austria, Bulgaria, the Czech Republic, Germany, Greece, Hungary, Italy, Russia, Slovakia, Slovenia, Spain, Sweden, Turkey, Ukraine and the United Kingdom.
Remarks. Caloplaca monacensis is characterized by its granular thallus and usually pruinose apothecia. The North American C. ulmorum, a closely related taxon, is very similar, but it usually has a more developed areolate thallus with granules at the thallus margins.
Nomenclatural note. The name C. monacensis was never widely used; it was adopted by Lettau (1912) , Migula (1929) , Zahlbruckner (1931) and Poelt (1969) without any new records. The reason is that the apothecia in the exsiccate (syntype) are mostly brownish and only rarely with the normal yelloworange colour (see Fig. 2D ). Therefore it was originally described in the genus Pyrenodesmia. In all other aspects the specimens in the exsiccate are morphologically completely consistent with recent collections of the species.
Taxonomic note. Detailed descriptions are given in Wetmore (2004 Wetmore ( , 2007a . According to specimens of C. pinicola seen from ASU, GZU and MIN, the species seems fairly variable in thallus morphology, especially in the number and characteristics of the soralia. The uniting character is a relatively thin spore septum (3·0-4·0 m and never up to 5·5 m). Unfortunately, the type specimen has a poorly developed thallus. The species needs further study.
There is one closely related species, also from North America, here provisionally called C. aff. pinicola (Fig. 1) , but it differs in having larger ascospores with thicker septa.
Nomenclatural note. The holotype of C. pinicola was identified by Magnusson himself in S; on the label is written in Magnusson's handwriting "Caloplaca pinicola H. Magn. n. sp." and "Typus!". Wetmore's lectotypification (Wetmore 2004 ) is superfluous.
Caloplaca sterilis Šoun, Khodosovtsev, Vondrák sp. nov.
Thallus areolatus albido-pruinosum, areolae soraliis marginalibus; soredia viridi-grisea, pigmentis anthraquinoneis et Sedifolia-grisea in thallo et soraliis nullis; apothecia lecanorina (Caloplaca cerinae-typus) .
Typus: Ukraine, AR Crimea, Chornomorskiy district, village Olenevka, cape Tarchankut, coast of Black Sea, on twigs of Artemisia lerchiana, 45°20#61·7$N, 32°30#47·6$E, alt. 15 m, 4 May 2010, A. Khodosovtsev (KHER-holotypus; KHER, CBFS -isotypi).
( Fig. 3A & B) Thallus of scattered areoles/squamules to thin, inconspicuous, grey-green, often white pruinose, sorediate; areoles or squamules Apothecia lecanorine, very rare, (0·2-) 0·3 ± 0·1 (-0·6) mm diam. (n = 29), constricted at the base; disc flat to slightly convex, yellow-orange to orange, sometimes pruinose, especially when young, K+ purple; true exciple indistinct or very rarely visible in section as 2-3 rows of radiate hyphae; thalline exciple whitish pruinose, sometimes sorediate, raised above disc, (50- ratio of septum width/spore length (0·25-) 0·5 ± 0·1 (-0·5). Pycnidia immersed, inconspicuous; conidia bacilliform, c. 3 × 1 m.
Etymology. The name reflects the often sterile state of this species.
Habitat and distribution. Caloplaca sterilis grows on basal parts of woody plant stems (Artemisia, Halocnemum, Thymus), plant debris and dead wood in steppe and sand dune habitats in the Black Sea region. It is an inconspicuous but common species in steppe landscapes and in coastal habitats on sand dunes in SE Europe. Associated species are Caloplaca raesaenenii Bredkina (= C. thuringiaca Søchting & Stordeur), C. phlogina (Ach.) Flagey, C. skii ad int., Lecania cyrtella (Ach.) Th. Fr., Lecanora hagenii (Ach.) Ach., Physcia adscendens (Fr.) H. Olivier, Rinodina pityrea Ropin & H. Mayrhofer and Xanthoria parietina (L.) Beltr. Hitherto known from Bulgaria, Romania, SW Russia and Ukraine.
Two old specimens from old palings from Cherry Hinton near Cambridge (UK) deposited in BM (Larbalestier Lichen-Herb. no. 167, sub Lecanora cerina var. dispersa Larbal., 9/1879; Ibid., sub Lecanora cerina var. cyanolepra), seem to be identical to this species. However, molecular data is needed to confirm the identity of British material.
Remarks. The species is characterized by commonly white-pruinose minute squamules/areoles with contrasting pale greyish green to greenish soredia in punctiform, marginal or diffuse soralia. However, our specimens from coastal sand dunes lack pruina and their thalli do not contrast with soralia. The colour of soredia is unique within the C. cerina group as they do not contain Sedifolia-grey. The species is easily overlooked and hardly identifiable when completely sorediate and sterile. This taxon comprises Caloplaca cerina-like lichens growing on or near the ground on various substrata such as bryophytes, plant debris, wood, bark of exposed roots and chamaephytes, rarely rocks. Such specimens form a monophyletic group in the cladogram. The molecular topology shows basically four monophyletic groups. These groups may be only partly interpreted on the basis of their morphology and ecology. Six provisional 'ecotypes', more or less reflecting the phylogeny (Fig. 1) , are distinguished here but they are not always separable by morphology. Characteristics of the ecotypes based on sequenced material are briefly presented here.
1. On bryophytes and plant debris, in uplands and mountains on limestone in Austria, Bulgaria, Czech Republic, France, Greece, Hungary, Spain and Ukraine; apothecia to 1·1 mm diam.; apothecial margin strongly white pruinose, disc sordid yellow-orange, sordid yellowgreen to sordid grey-brown, pruinose or rarely not; thallus consisting of small white pruinose areoles; ascospores (12-) 16·0 ± 1·8 (-19) × (6-) 8·7 ± 1·0 (-11) m, septum (5-) 7·1 ± 1·1 (-9) m wide (n = 59). in alpine calcareous habitats in Austria, Russia and Sweden; apothecia to 1·2 mm diam.; apothecial margin dark grey, white pruinose; disc (sordid) yellow to orange, pruinose or not; thallus invisible; ascospores (13-) 15·2 ± 1·4 (-19) × (6-) 7·7 ± 0·8 (-10) m, septum (5-) 6·3 ± 0·9 (-8) m wide (n = 43). 3. On plant debris and moss, in artic areas in Alaska, Greenland, Norway and Svalbard; apothecia to 1·3 mm diam.; apothecial margin dark grey, white pruinose or not, disc yellow-orange to orange, not pruinose; thallus invisible; ascospores (12-) 14·7 ± 1·2 (-17) × (7-) 8·1 ± 0·7 (-9) m, septum (5-) 5·7 ± 0·7 (-7) m wide (n = 39). 4. On plant debris, exposed wood of roots, and rock in calcareous xerothermic habitats in Canada, Czech Republic, Kazakhstan, Ukraine and USA and on wooden fences in mountains in Austria; apothecia to 1·5 mm diam.; apothecial margin pale to dark grey, white pruinose or not, disc yellow-orange to orange, pruinose or not; thallus invisible or formed by white pruinose tiny areoles; ascospores (12-) 14·4 ± 0·9 (-16) × (5-) 7·7 ± 0·6 (-9) m, septum (4-) 4·9 ± 0·5 (-6) m wide (n = 58). 5. On acrocarpous mosses (esp. Grimmia), on basic siliceous and conglomerate rocks in Finland, Romania, Spain, Turkey, Ukraine, USA and Uzbekistan; apothecia to 1·6 mm diam.; apothecial margin pale to dark grey, white pruinose; disc yelloworange to dull orange, pruinose or not; thallus thin to thick crustose or formed by well-developed small lobules; ascospores (11-) 14·8 ± 1·6 (-19) × (6-) 8·7 ± 1·3 (-11) m, septum (4-) 5·2 ± 0·6 (-7) m wide (n = 69). 6. On bark of chamaephytes (especially Thymus) and exposed roots, in steppelike habitats on limestone in the Czech Republic, Hungary and Ukraine; apothecia to 0·9 mm diam.; apothecial margin pale to medium grey, white pruinose or not; disc yellow to yellow-orange, pruinose or not; thallus invisible or formed by small areoles; ascospores (10-) 12·8 ± 1·2 (-16) × (6-) 7·1 ± 0·7 (-8) m, septum (4-) 4·8 ± 0·4 (-5) m wide (n = 39). Burgaz et al. (1999) dealt with samples of C. cerina on Dryas octopetala from the Pyrenees with extremely wide septa, 7-9 m, more than half of the length of the ascospore. Such wide septa have not been observed in the material studied here and in future attention should be given to those samples. This saxicolous species grows on well-lit rocks beneath overhangs and is known from several localities throughout the mountains in Europe. Apothecia are rarely developed on the white-pruinose areolate thallus which merges into squamules at margins. The soralia are dark grey, arising from margins of areoles. For a detailed description see Vondrák et al. (2008) . This is a maritime saxicolous species that grows on hard siliceous outcrops in the Black Sea region, where it is locally common. It is characterized by the presence of lobules and pustules on the thallus. On the Mediterranean coasts there is a similar, but possibly different species, hitherto not well known (see Results). For a detailed description see Vondrák et al. (2008 
Caloplaca subalpina Vondrák, Šoun & Palice
Caloplaca thracopontica Vondrák & Šoun
(Figs 2E & F)
Thallus with very small areoles, sorediate, up to several cm wide, non-pruinose, up to 0·13 (-0·3) mm thick; areoles sordid white to pale (sordid) grey, initially convex but later flat, up to 0·2 mm wide, usually very soon entirely sorediate. Soralia pale to dark grey or greenish grey, with bluish tinge, whitish or greenish inside (seen when external soredia are detached), arising from upper surface or margins of areoles, scattered to confluent, slightly convex; soredia (15-) 22 ± 3 (-30) m diam. (n = 95); prothallus sometimes present, very thin, grey to black; cortex up to 10 (-20) m thick, paraplectenchymatous.
Apothecia lecanorine, abundant to absent, up to 0·8 mm diam., sessile; disc flat to slightly convex, yellow-orange, rarely pruinose; true exciple indistinct, up to 15 m thick, prosoplectenchymatous; thalline exciple grey to white, rarely pruinose, raised above the disc when young, somewhat reduced in old apothecia, 50-85 m thick, sometimes becoming sorediate; epihymenium orange, with inspersed granules; hymenium 55-100 m thick, hyaline; hypothecium 55-110 m thick, hyaline, sometimes oilinspersed; paraphyses simple to branched, 2 m broad with upper cells wider, 3-5 m diam.; asci 8-spored, 38-54 × 10-17 m (n = 19); ascospores polarilocular, ellipsoid, (10·0-) 12·1 ± 1·1 (-15·0) × (6·0-) 6·9 ± 0·8 (-9·0) m, septum (3·0-) 4·3 ± 0·7 (-6·0) m wide (n = 58), ratio of septum width/spore length (0·2-) 0·4 ± 0·05 (-0·5).
Pycnidia sometimes present, immersed, distinct by elevated darker ostiole; conidia bacilliform, 3-4 × 1 m.
Habitat and distribution. This species grows on bark of broad-leaved trees (Acer, Alnus, Betula, Fraxinus, Malus, Populus, Sorbus, Ulmus) and rarely of conifers (Picea). Also found on wood of spruce stumps and wooden fences. It occurs from lowlands to mountains in deciduous and mixed forests or on wayside trees. The specimen from Greenland (C. jemtlandica var. cerinosora) grew on a twig of Salix glauca. Probably, this species is widespread throughout Europe and North America, but it has not previously been recognized. Hitherto recorded from Austria, Czech Republic, Finland, Greenland, Norway, Russia, Slovakia, Sweden, United Kingdom and the USA.
Remarks. This species is characterized by the often sorediate apothecial margins, slightly convex, punctiform to confluent blue-grey soralia, minute or often absent areoles. However, specimens without sorediate apothecial margins and with persistent corticated areoles with delimited soralia are common and can be confused with small thalli of C. chlorina, but the latter usually has larger soredia. Sterile specimens can be confused with Rinodina colobina (Ach.) Th. Fr. or Rinodina pityrea Ropin & H. Mayrhofer.
During the phylogenetic analyses a taxon similar to C. turkuensis was discovered, but several ITS sequences showed that it belonged outside of the C. cerina group (not included in the cladogram in Fig. 1 ). These specimens from Sweden are morphologically distinguished from C. turkuensis by soralia and apothecia with an endophloeic origin, not developing from areoles, the true exciple is usually more apparent and by the thalline margin being not so stout. This is probably an unknown species which needs further study. The types of C. turkuensis and the here synonymized C. jemtlandica incl. var. cerinosora and C. cerina f. coronulata are mostly old and were not included in the molecular analysis. However, morphologically they seem to correspond with our material molecularly confirmed to belong to the C. cerina group.
Nomenclatural note. Specimens of this species have been commonly misidentified as various species, i.e., C. virescens, C. chlorina or C. cerina. However, the names Caloplaca jemtlandica (including var. cerinosora) and Caloplaca turkuensis have been applied to different forms of the same species, but the latter name is the oldest and has therefore priority over the younger ones.
Caloplaca turkuensis has probably been used only for the type collection, which has a fairly well-developed, thick, sorediate thallus and abundant apothecia, with completely sorediate margins; it is congruent in phenotype with specimens used for obtaining the molecular data.
Caloplaca jemtlandica is also a little known taxon. Surprisingly, the type specimens are sorediate, contrary to the description in the original paper, although both thallus and apothecial margin are not so sorediate as in the type of C. turkuensis. The specimen labelled as isotype in S is not conspecific with holotype in S and isotype in UPS, but at the moment it is not possible to determine where it belongs.
Caloplaca jemtlandica var. cerinosora is another poorly known taxon, described and hitherto known only from one twig of Salix glauca from Greenland. The type specimen is a poorly developed specimen of C. turkuensis. disc when young, somewhat reduced in old apothecia, 75-120 m thick; epihymenium orange, with inspersed granules; hymenium 80-100 m thick, hyaline; hypothecium 50-140 m thick, hyaline; paraphyses simple to branched, 2 m broad with upper cells wider, 3-6 m thick; asci 8-spored, 42-70 × 10-18 m (n = 45); ascospores polarilocular, ellipsoid, (11·0-) 13·6 ± 1·4 (-18·0) × (6·0-) 6·9 ± 0·8 (-9·0) m; septum (4·0-) 5·6 ± 0·9 (-8·0) m wide (n = 90); ratio of septum width/spore length (0·3-) 0·4 ± 0·05 (-0·5).
Pycnidia rare to abundant, immersed, distinct by elevated darker ostiole; conidia bacilliform, 3-4 × 1 m.
Habitat and distribution. Caloplaca ulmorum is an exclusively North American species usually growing on bark of broad-leaved trees, mainly Ulmus but also on, for example, Acer and Quercus. Nevertheless, the type collection is from bark of Juniperus virginiana. The complete distribution is not known.
Remarks. The species is characterized by a usually well-developed areolate thallus with marginal granules. Poorly developed thalli consisting of only granules are morphologically hard to separate from C. monacensis. A good illustration may be found in Wetmore (2007a: 805) .
Nomenclatural note. Wetmore (2007a) synonymized this name with C. cerina but we have shown that it represents a separate species.
Taxa with uncertain affinities
Caloplaca virescens (Sm.) Coppins seems to be morphologically and ecologically close to C. monacensis, but differs in its welldeveloped, areolate, rarely fertile thallus with a thick layer of small granules (45-70 m diam.). Unfortunately, no fresh material was available for sequencing. Four very old specimens, including the part of the holotype (see Laundon 1992) , and only one more recent specimen (1973) have been found in BM. This species needs further study.
The little used name C. albolutea (Nyl.) Zahlbr. (type: Supra muscos pulvinatos in Lapponia orientali eam in insulis Maris Albi, legit G. Selin, H-NYL!-lectotype designated here) and perhaps C. mydalaea (Körb.) Zahlbr. (type: UPS-"fragment. specimin. original."!) probably belong to C. stillicidiorum s. lat. but both type specimens are too exiguous.
Discussion
Our results show again, what has already been proved many times; the phenotypebased traditional taxonomy has been influenced by choosing incorrect diagnostic characters or by the incorrect interpretation of the characters. For example, in the British lichen flora, Fletcher & Laundon (2009) list three species of the Caloplaca cerina group: a sorediate "C. virescens", an isidiate "C. chlorina" and "C. cerina" without vegetative diaspores. This is a very practical simplification, but the situation is much more complex. As we have shown, sorediate and isidiate species and species without vegetative diaspores occur repeatedly within the phylogenetic tree, and very similar species are often not closely related. Based on our data, we cannot say which thallus characters are plesiomorphic and which are derived, but convergent evolution is evident here in phenotypes even with or without vegetative diaspores. Similar patterns have been observed in the phylogeny of the C. citrina group (Arup 2006 , Vondrák et al. 2009a ) and the C. ferruginea group (Arup & Åkelius 2009 ).
Our molecular analysis corroborates the sometimes underestimated role of the precise type of vegetative diaspores as a crucial phenotypic character in this complex. For instance, presence of soredia (or blastidia) vs. isidia clearly separate the formerly often unrecognized C. chlorina and C. isidiigera. Undoubtedly, other important phenotype characters are substratum specificity and geographical distribution. This is shown in a provisional taxonomy of C. cerina s. lat. and C. stillicidiorum s. lat., where vegetative diaspores are absent, and only a little data on ecology and distribution are available. Both groups are formed of several phylogenetic lineages, polyphyletic in C. cerina s. lat. and monophyletic in C. stillicidiorum s. lat., which may be called cryptic species or semi-cryptic species, if they have at least some phenotypic tendencies (Vondrák et al. 2009a) . Grube & Kroken (2000) recommended that a phylogenetic species should be congruent with at least one phenotypic character when a single locus such as ITS is used. Crespo & Pérez-Ortega (2009) suggested for recognition of cryptic species that molecular analysis should be based on more than one independent genetic region, in order to detect recombination events among lineages. We are so far not able to fulfill these conditions in the two species complexes. Several loci, more extensive sampling to avoid present sampling bias and/or more advanced phenotype appraisal should be used to separate some putative cryptic species within these tentative aggregate names.
